Mycobacterium avium complex (MAC) is an ubiquitous acid-fast bacterium. MAC cell wall and membrane release extracellular vesicles (EVs) into different media. The immunogenic effects of EVs isolated from MAC remain unknown. The aim of this study was to determine the EVs effect on macrophage cytokine production. MAC EVs were extracted and purified using differential centrifuges also known as Claassen's method, with some modifications. After protein analysis of EVs, and scanning electron microscopy (SEM), the EVs were injected into BALB/c mice for in vivo experiments. The concentration of interferon gamma (IFN-γ) and interleukin 10 (IL-10) in the spleen immune cell culture was measured by sandwich ELISA. We for the first time showed that MAC can naturally produce EVs. The extraction method was technically-feasible, efficient and affordable. The SEM analysis showed that EVs diameter was similar to other studies on mycobacteria, and EVs maintained their spatial 
macromolecules such as arabinogalactan, peptideglycan, and mycolic acids (5) . These components constitute a mycoyl-arabinogalactan-peptidoglycan complex which is one of the two common lipopolysaccharides (LPS) in mycobacteria (6) inflammatory chemokines and cytokines (7, 8) .
MAC infects a variety of cells and is linked to persistent infection in the immunocompromised
hosts (9) . Macrophages do phagocytosis of MAC via complement receptor 3 (CR3) (10) . MAC is also attached to serum fibronectin and enters macrophages through the fibronectin-integrin receptor (11, 12) . The activation of macrophages and inhibition of MAC growth depends on its strain; for instance, interferon-gamma (IFN-γ)
facilitates the inhibition of certain non-AIDS strains of MAC, but not some isolates from patients with AIDS (13, 14) . The immune system enhances IFN-γ when the host is confronted with mycobacteria, and it plays a strong role to prevent MAC growth, but IL-10 release facilitates MAC's escape from Th1 response (15, 16 (27) .
The interaction of MAC extracellular vesicles with the immune system is not well known. In this study, we aimed to isolate MAC EVs, and determine their effect on the immune system in a mouse model to understand in some context, the immunogenic response that is triggered in response to MAC.
In this study, we selected IFN-γ as a T-helper1 (Th1) response, and IL-10 as a T-helper2 (Th2) response, and illustrated which response is the dominant response when the EVs are injected to mice. Figure 1 . 
Materials and Methods

Media and bacterial cultures
Extraction and purification of extracellular vesicles
Claassen is a method with some modifications was used to extract EVs (28). In summary, the culture medium of MAC was centrifuged at 3000×g 
Scanning electron microscopy
To investigate the purity and stability of the natural form of the EVs at different stages of the purification process, scanning electron microscopy (SEM) was used. Five hundred µl of EVs was fixed on a foil on the slide surface for the preparation of gold coating. The gold particle was coated on samples onto the SEM sample stage in a vacuum, then high energy electrons were shot into the sample. DSR1 model that is a desk sputter coater of Nano-structured Coatings Company was used for gold sputtering system, and HITACHI S-4160 field emission scanning electron microscope was used for SEM.
Endotoxin determination
The Limulus Amebocyte Lysate (LAL) assay was used to measure endotoxin levels. Pierce® LAL chromogenic endotoxin quantitation kit (Thermo Scientific, USA) was used for endotoxin test. First, the microplate was kept for 10 min at 37 ºC. After that, 50 μl sample was added into the microplate well, the plate was covered with the lid and incubated for 5 min at 37 ºC. Fifty μl of LAL was added to each well and the plate was covered and gently shaken on a plate shaker for 10 s.
Subsequently, the plate was incubated at 37 ºC for 10 min. One hundred μl per well of substrate solution was added, and the plate was covered with a lid and gently shaken. The plate was incubated at 37 ºC for 6 min. Fifty μl per well of stop reagent (or 25% acetic acid) was added to stop the color development, and the plate was shaken for 10 s.
Finally, the absorbance was measured at 405-410 nm on a plate reader.
In vivo experiments
To evaluate the effect of EVs on immune cells 
Quantification of total cytokines
The spleen was placed in 5 ml RPMI 1640 
Statistical analysis
Non-parametric tests were performed to compare the cytokine levels by SPSS software version 14.0. For all comparisons, a P-value <0.05 was considered as statistically significant.
Results
Extracellular vesicles characterization and identity test
Twelve percent SDS-PAGE revealed 62 to 70 kDa bands as expected, although not very sharp.
Sample 1 corresponded to pure EVs of MAC, and sample 2 was the supernatant of MAC (Figure 3 ).
The bands pattern of both samples was similar. The 62-75 kDa region in the SDS-PAGE was identified as extracellular vesicle surface proteins.
The concentration of the proteins in the extracted EVs was 50 µg/ml.
Scanning electron microscopy
SEM analysis of pellets obtained from MAC culture supernatants showed that the EVs were 73 to 295 nm in diameter (Figure 4 ). EVs kept their spatial characteristics after extraction and purification, and were completely spherical.
Biological activity of the endotoxin
The final pool of samples of EVs in a fivefold dilution contained 0.86 EU/ml. Therefore, the LAL values were less than 1. Zero EU/ml was defined as negative.
Cytokine assays
Mycobacterium avium complex EVs induced a higher IL-10 than IFN-γ in the spleen immune cell culture. On average, the concentration of IL-10 was 300 µg/ml whereas IFN-γ was not detected (P = 0.037). Also, the concentration of negative control 
